Dynamics of strange particles produced in proton induced nuclear reactions near threshold energies has been investigated within the Lanzhou quantum molecular dynamics (LQMD) transport model. The in-medium modifications on particle production in dense nuclear matter are considered through corrections on the elementary cross sections via the effective mass and the mean-field potentials. It is found that the attractive antikaon-nucleon potential enhances the subthreshold K production and also influences the structure of inclusive spectra. The strangeness production is strongly suppressed in proton induced reactions in comparison to heavy-ion collisions. Properties of hadrons in nuclear medium is interest in studying the QCD structure in dense matter, in particular related to the chiral symmetry restoration, properties of hypernucleus etc [1, 2] . High energy heavyion collisions in terrestrial laboratory provide the unique possibility to study both the equation of state and the in-medium properties of hadrons in dense nuclear matter. It was found that the K − /K + ratio is enhanced in heavy-ion collisions in comparison with proton-proton collisions [3] [4] [5] . The increase of K − mesons in heavyion collisions is partly caused from strangeness exchange reactions (πY →K − N), and also from the attractive antikaon-nucleon potentials in dense nuclear medium. The measured kaon and antikaon yields can be well reproduced by transport models with taking into account a density dependent mean-field potential [6] [7] [8] [9] . The extraction of the in-medium properties of strange particles from heavy-ion collisions is complicated, where the nuclear density varies in the evolution of nucleus-nucleus collisions. To avoid the uncertainties of the baryon densities on strange particle production, one can investigate proton-nucleus collisions where the nuclear density is definite around the saturation density.
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In this work, the LQMD model has been used to investigate the proton induced nuclear reactions, in which the dynamics of resonances, hyperons and mesons is described via hadron-hadron collisions, decays of resonances and mean-field potentials [10, 11] . The evolutions of baryons (nucleons, resonances and hyperons) and mesons (π, K, η, K, etc.) in the course of proton-nucleus collisions are governed by Hamilton's equations of motion. A Skyrme-type momentum dependent interaction has been used in the evaluation of the mean-field potentials for nucleons and resonances. The hyperon meanfield potential is constructed on the basis of the lightquark counting rule, in which the nucleon self-energies are computed from the relativistic mean-field model.
The kaon and anti-kaon energies in the nuclear medium distinguish isospin effects based on the chiral Lagrangian approach as [11] [12] [13] 
and
respectively. Here the b K = 3/(8f * 2 π ) ≈0.333 GeVfm 3 , the a K and a K are 0.18 GeV 2 fm 3 and 0.31 GeV 2 fm 3 , respectively, which result in the strengths of repulsive kaon-nucleon (KN) potential and of attractive antikaonnucleon KN potential with the values of 27.8 MeV and -100.3 MeV at saturation baryon density for isospin symmetric matter, respectively. The τ 3 =1 and -1 for the isospin pair K determine the isospin splitting of kaons in neutronrich nuclear matter. The optical potential of kaon is derived from the in-medium energy as
.797 at normal baryon density are concluded with the parameters in isospin symmetric nuclear matter. The effective mass is used to evaluate the threshold energy for kaon and antikaon production, e.g., the threshold energy in the pion-baryon collisions √ s th = m * Y + m * K . In the LQMD model, we have included all the coupled channels in producing pions, hyperons, kaons and antikaons near threshold energies. From the previous studies in heavy-ion collisions, it has been shown that the kaon (antikaon)-nucleon potential plays a significant role on the strangeness production and dynamical emission in phase space, which reduces (enhances) the kaon (antikaon) yields and is pronounced when the incident energy is close to the threshold value of kaon (antikaon) production [11] . We computed the production of π, Λ, K and K − per participating nucleon in collisions of protons on 12 C and in the 12 C+ 12 C reaction as shown in Fig. 1 . The full symbols are the experimental data for pion production from TAPS collaboration [14] and for K + (K − ) measurements from KaoS collaboration [15, 16] . It is obvious that strange particles can be more easily produced in heavy-ion collisions, in particular for the production of K − . The enhancement is caused from the compression of colliding nuclei and strangeness exchange reactions, i.e., the channels of πY →K − N and Y N →K − NN. The in-medium modifications on the pion production are not considered in the present model, which would play signif-icant roles on the pion dynamics near threshold energies. The similar excitation functions for pion production in the reactions of p+ 12 C and 12 C+ 12 C are concluded. The interaction potential of strange particle and nucleon is of significance in the formation of hypernucleus in heavy-ion and proton-nucleus collisions, core structure of neutron star etc. However, it is not well understood up to now, in particular in the dense nuclear matter. The proton-nucleus collisions have advantage in constraining the in-medium properties of strangeness around the normal baryon density. Shown in Fig. 2 is the kinetic energy spectra of invariant cross sections of strange particles produced in collisions of proton on 12 C and 197 Au. It is pronounced that the kaon spectra become more flat with inclusion of the kaon-nucleon potential. However, the KN potential exhibits an opposite contribution on antikaon dynamics. The Λ hyperon production weakly depends on the in-medium potential. The conclusions are similar to heavy-ion collisions [11] .
More pronounced information of the in-medium effects has been investigated from the K − /K + spectrum in heavy-ion collisions. A deeply attractive K − N potential being the value of -110±15 MeV was obtained at saturation density and the weakly K + N potential has been concluded to be -25±10 MeV [6] [7] [8] [9] . The inmedium modifications influence the kaon production and dynamical emissions in phase space, i.e., inclusive spectrum, collective flows etc. We compared the effects of kaon(antikaon)-nucleon potentials in the 12 C+ 12 C reaction as a function of kinetic energy and in collisions of proton on 12 C versus the transverse mass (m t = p 2 t + m 2 0 with p t being the transverse momentum and the mass of kaon (antikaon) m 0 ) as shown in Fig. 3 . The experimental data from KaoS collaboration [15, 16] can be nicely reproduced within inclusion of the mean-field potentials for kaons and antikaons, in which a weakly repulsive KN potential of the order of 28 MeV and a deeply attractive KN potential of -100 MeV at normal nuclear density are used in the LQMD model. The attractive KN potential reduces the threshold energies associated with enhancing K − production and the KN potential leads to an opposite contribution for the K + emission. In summary, strangeness production in proton induced reactions at beam energies close to the thresholds has been investigated within the LQMD transport model. The strange particles are strongly suppressed in protonnucleus collisions in comparison with heavy-ion collisions. A weakly repulsive KN potential being 28 MeV and the attractive KN potential being -100 MeV in nuclear medium are concluded in comparison to the KaoS data for heavy-ion and proton-nucleus collisions. The meanfield potentials lead to the more flat and steeper spectra of inclusive cross sections for K + and K − production, respectively.
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